Cisplatin and other platinum derivatives are among the most effective chemotherapeutic agents against solid tumors including ovarian, head and neck carcinomas, and germ cell tumors. The major side effect of cisplatin is nephrotoxicity. While several antineoplastic agents frequently exhibit nephrotoxicity, the platinum derivatives are among the most frequent compounds leading to renal injury (1) . There also can be synergistic nephrotoxic effects of cisplatin with other chemotherapeutic agents such as the taxol compounds (2) . Moreover, in hematopoietic cell transplantation (HCT), there appears to be a dramatic interaction between chemotherapeutic agents, such as cisplatin, and immunosuppressive agents such as cyclosporine. Specifically, nephrotoxicity, as assessed by a 25% loss of glomerular filtration rate (GFR), has been observed in 56% of autologous HCTs, in which immunosuppressive therapy is not used, but in more than 90% of allogeneic HCT, which requires immunosuppression (3, 4) . Moreover, mortality is 7% in autologous HCTs in which cisplatin and other antineoplastic drugs are used without immunosuppression. In contrast, the mortality rises to 58% in allogeneic HCTs when the antineoplastic drugs are combined with immunosuppressive drugs, particularly calcineurin inhibitors, such as cyclosporine.
Thus, there is a pressing need for ways to protect the kidney while administering effective chemotherapeutic agents, such as cisplatin. Ramesh and Reeves in this issue of the JCI provide evidence that TNF-α is a critical factor in mediating chemokine and cytokine expression and renal injury in a murine model of cisplatin nephrotoxicity (5) . Using inhibitors of TNF-α release and activity as well as knockout mice, they show here that cisplatin nephrotoxicity can be attenuated but not totally abolished. Figure 1 shows a schema of events by which TNF-α can contribute to renal injury and acute renal failure (ARF) after cisplatin administration. Thus, cisplatin may initially reduce the levels and availability of endogenous oxygen
TNF-α in renal inflammation and injury

COMMENTARY
See the related article beginning on page 835.
radical scavengers such as superoxide dismutase (SOD), much as administration of LPS can do (6, 7) . In addition, reduced glutathione (GSH) and glutathione peroxidase (GP) activities in cisplatin-treated tissues may contribute to increased generation of superoxide (O 2 -) and other oxygen radicals (8, 9) , and, indeed, cisplatin has been demonstrated to generate O 2 -anion in a cell-free system (10). The resultant oxidant stress activates the transcription factor NF-κB, which in turn stimulates the production of TNF-α (11, 12) .
TNF-α induction occurs early in ischemia/reperfusion injury, indicating that TNF-α is produced by intrinsic kidney cells, rather than by infiltrating leukocytes, which only accumulate in the kidney later, during the proinflammatory phase of renal injury (12) . During endotoxemia as well, the increased production of TNF-α results in an early vascular phase characterized by renal vasoconstriction, reduced renal blood flow (RBF) and GFR, in association with the activation of the sympathetic and renin-angiotensin systems (13, 14) . The role of the increased sympathetic activity in this early vascular phase is supported by the protective effect of renal denervation (14) . Specifically, in a mouse model of endotoxemic ARF, TNF-α neutralization affords renal protection in the absence of hypotension, renal parenchymal leukocyte infiltration, glomerular fibrin, apoptosis, or morphological changes (13) . These results support the view that the early effect of TNF-α is primarily mediated by renal vasoconstriction.
From the new work by Ramesh and Reeves (5), it is clear that cisplatinrelated nephrotoxicity can also lead to a later, proinflammatory phase of TNF-α-mediated renal injury. This phase is characterized by accelerated production of cytokines and chemokines by all types of renal cells (15) . Increased TNF-α leads to the recruitment and accumulation of inflammatory cells including neutrophils, monocytes, natural killer cells and T lymphocytes as shown by Ramesh and Reeves and others (16, 17) . These white blood cells secrete lysosomal enzymes, reactive oxygen intermediates (ROI) and proteases, which can directly injure surrounding renal tissue. In addition, the activation of these leukocytes may lead to further production of cytokines or chemokines and greater recruitment of leukocytes to the focus of inflammation, thus amplifying the renal inflammatory response (16) . It would be interesting to examine whether this proinflammatory-related renal injury with cisplatin can be induced in a leukocytedepleted murine model.
Finally, depending on the dose of cisplatin, renal tubular cells succumb to either necrotic or apoptotic cell death (8, 18) . At lower doses, the proapoptotic initiator caspases 8 and 9, and the executioner caspase 3 are activated and result in apoptosis as indicated by cell shrinkage, chromatin condensation, nuclear fragmentation, and DNA laddering on gel electrophoresis (18, 19) . In contrast, higher doses of cisplatin are accompanied by a decline in caspase 3 activity and widespread cell necrosis, characterized by cytosolic swelling, loss of plasma membrane integrity, and a smear pattern on DNA gel electrophoresis (8, 18) . The proinflammatory caspase 1 has been implicated in ischemic necrotic cell death (20) . This enzyme converts prointerleukin-1β (IL-1β) and prointerleukin-18 (IL-18) to their respective active forms. Interestingly, Ramesh and Reeves show here that IL-1β is induced by cisplatin, in parallel with an increase in tubular necrosis (5) . In addition, IL-18 has been shown to be a mediator of necrosis in ischemic ARF (20) . Caspase 1 activation by cisplatin does not appear to occur in cultured renal epithelial cells (8, 19) , but this possibility has not been examined in vivo. Therefore, caspase 1 could potentially contribute to the inflammatory process and necrotic cell death observed in cisplatin nephrotoxicity. Although the relative roles of apoptosis versus necrosis in cisplatin nephrotoxicity remain to be defined, the study of caspase inhibition in the later phase of cisplatin nephrotoxicity would be of interest.
Clinical management of nephrotoxicity
As shown in Figure 1 , various agents and maneuvers used to block certain steps of this proposed pathway have been demonstrated to be beneficial when administered at the time of cisplatin administration or shortly thereafter. These treatments include the addition of free radical scavengers, such as dimethylthiourea or lecithinized SOD (21) , and IL-10, which can inhibit neutrophil and macrophage function both directly and by blocking the transcription of TNF-α (12) . The present report confirms the protective effect of TNF-α antagonists or knockouts, consistent with work in a model of endotoxemic ARF, where either renal denervation or treatment with a soluble form of the TNF-α receptor has been shown to prevent the early reduction in GFR (13, 14) . Finally, caspase inhibition has been shown to provide marked protection against apoptotic cell death in vitro (19) .
Because the occurrence of ARF associated with sepsis, ischemia, or both is not predictable, early proactive intervention is generally not feasible. Still, even when treatment cannot be applied before such an insult, early protective intervention helps attenuate renal injury. Thus, the substantial incidence of nephrotoxicity which has been observed in patients treated with cisplatin may be markedly reduced by the concomitant administration of therapeutic agents that inhibit the release or activity of TNF-α.
